In the course of the work described in two earlier papers (Caldwell, Hodgkin, Keynes & Shaw, 1960a, b) on the link between the metabolism ofsquid giant axons and the active transport of Na+ and K+ ions across their surface membranes, it became necessary to measure the influx of potassium into CN-poisoned axons before and after the injection of energy-rich phosphate compounds. The method first tried was to suspend a wellcleaned axon from a cannula and to take counts in a thin-windowed cell through which inactive sea water flowed, after the axon had been exposed for a short period to a 42K solution. The K influx into Sepia axons had been measured with apparent success in a similar fashion (Keynes, 1951) , this type of technique having the advantage of allowing each axon to serve as its own control, by exposing it several times to 42K under different conditions. However, it was soon found that when intact squid axons were counted the results were complicated by the presence of substantial quantities of potassium in a superficial region of the axon, which obscured the uptake of 42K by the axoplasm proper. The difficulty was eventually avoided by making measurements on extruded axoplasm, as described elsewhere (Caldwell et al. 1960a, b), but not until a number of experiments had been done on intact axons. The complications encountered have some interest in their own right, and also have a bearing on the results reported by Shanes & Berman (1955) . The purpose of this paper is to give a brief account of the preliminary influx determinations, and of a few experiments on the K efflux from axons into which 42K had been injected. The results of some measurements of the influx and efflux of 36C1 are also included.
In the course of the work described in two earlier papers (Caldwell, Hodgkin, Keynes & Shaw, 1960a, b) on the link between the metabolism ofsquid giant axons and the active transport of Na+ and K+ ions across their surface membranes, it became necessary to measure the influx of potassium into CN-poisoned axons before and after the injection of energy-rich phosphate compounds. The method first tried was to suspend a wellcleaned axon from a cannula and to take counts in a thin-windowed cell through which inactive sea water flowed, after the axon had been exposed for a short period to a 42K solution. The K influx into Sepia axons had been measured with apparent success in a similar fashion (Keynes, 1951) , this type of technique having the advantage of allowing each axon to serve as its own control, by exposing it several times to 42K under different conditions. However, it was soon found that when intact squid axons were counted the results were complicated by the presence of substantial quantities of potassium in a superficial region of the axon, which obscured the uptake of 42K by the axoplasm proper. The difficulty was eventually avoided by making measurements on extruded axoplasm, as described elsewhere (Caldwell et al. 1960a, b) , but not until a number of experiments had been done on intact axons. The complications encountered have some interest in their own right, and also have a bearing on the results reported by Shanes & Berman (1955) . The purpose of this paper is to give a brief account of the preliminary influx determinations, and of a few experiments on the K efflux from axons into which 42K had been injected. The results of some measurements of the influx and efflux of 36C1 are also included.
METHODS
The cell designed for counting intact squid axons is shown in Fig. 1 . The cannula into which the axon was tied was mounted in such a way that the axon could quickly be lifted out of the cell and transferred either to a recording cell of the type described by Hodgkin & Katz (1949) for impalement with a micro-electrode or microsyringe, or to a pot containing 42K sea water. Inactive sea water flowed in at the bottom of the cell, and was removed by suction at the top. The position of the axon was carefully adjusted so that its central part 12 PHYSIO. CLIV P. C. CALDWELL AND R. D. KEYNES was in contact with a blackened mica window, behind which was a Geiger tube (Mullard Type MX 123) . The length of the unscreened part of the window was nominally 12 mm; tests with a speck of 42K solution showed that the counting rate was reduced to halfat 6-3 mm each way from the centre of the window. In order to convert uptake measurements in counts/min into absolute units, counts were taken with capillary tubes equal in outside diameter to the axons, filled with a 42K solution of known concentration and held vertically just touching the window. Checks showed that a gap of 100 A between the tube and the window lowered the counting rate by 3*0 %. (For 24Na, which emits weaker #-radiation, the figure was 8-0 %.) Kinks in the axons may therefore have reduced the counts slightly, but probably by less than 5 %.
For a few experiments the 'flow method' of Hodgkin & Keynes (1955a) was used to measure the rate of 1088 of 42K from an axon which had been exposed for a short period to 42K sea water. The capillary was 16*5 mm long and 1 0 mm in intemal diameter. For determination of K efflux, the collecting cell described by Caldwell et al. (1960a) was used in conjunction with a liquid counter (Mullard Type MX 124). The intracellular potassium was labelled by injecting a 13 or 20 mm column of 1IOM-K*Cl. For determination of "6C1 efflux, a similar column of 1.M-mKCI* was injected, and the axon was then tied off at both ends and transferred to a narrow tube containing 0 5 ml. of inactive sea water. After collecting periods of the order of an hour the sea water was changed, the samples being transferred to nickel dishes and dried so that their radioactivity could be determined with an end-window counter. The axon itself was also put on a dish to be counted.
For determination of Cl influx, the 'extruded axoplasm' method of Hodgkin & Keynes (1957) was used. The axons were taken in pairs, uncleaned, one being stimulated at 156/sec throughout the period in 86Cl sea water, while the other was left at rest.
All experiments were done in an artificial sea water the composition of which was: (mM) 178 IONIC PERMEABILITY OF SQUID AXON NaCl 460, KCl 10*4, CaCl2 11, MgC12 55, NaHCO8 2-5. 42K samples were treated as described by Caldwell et al. (1960a) . 86C1 samples were received from the Radiochemical Centre, Amersham, as 1*OM-K"C1 or 1*0M-NadCl. Figure 2 shows the counts taken in an experiment in which a wellcleaned axon was first soaked in 42K sea water for 64 min, and was then cannulated and transferred to the counting chamber ( Fig. 1) , where it was suspended in a stream of inactive sea water. The puzzling feature of the experiment was the rapidity with which the counting rate decreased, the rate constant for loss of radioactivity being 0-288 hr-1. If all the labelled Counts taken after an axon 812 Iz in diameter had been exposed to '2K sea water for 64 min. Temperature 180 C. By capillary calibration an uptake of 1 count/min was found to be equivalent to an entry of 23-3 pmole K/cm axon. At the final arrow, 10x6 mg of axoplasm was extruded from the central part of the axon, and found to contain a total of 3*89 pmole K. In a liquid counter, for which 1 count/min was equivalent to 28*2 pmole K, the axoplasm gave 166 counts/ min. mg (all counts are corrected for decay of 42K to the same zero time). Observation of the weight tied to the lower end of the axon showed that the axon did not stretch by more than 1 % during the whole counting period. K had been in the axoplasm, this rate constant would have implied that the total K efflux was about 625 pmole/cm.2 sec (the axon diameter was 812 p, and its final K content was 385 m-mole/l. axoplasm). The apparent K influx, determined in the usual way (see Keynes, 1951) by extrapolating the counts back to the time of removal from 42K and calibrating with 42K-filled capillaries, was only 24 pmole/cm2. sec, so that the calculation suggests the occurrence of a net K efflux of 600 pmole/cm2. sec. However, such a net efflux corresponds to the loss of more than 100 mM-K/hr, and the axon could not in fact have been leaking K nearly as fast as this, since its final K content, some hours after it had been dissected and cleaned, was still almost the same as the figure for fresh axons quoted by Hodgkin (1951) . In some other experiments of the same kind the initial value of the 12-2 179 P. C. CALDWELL AND R. D. KEYNES rate constant for loss of radioactivity was even larger, so that there was a still more striking discrepancy between the predicted net loss of K and the amount eventually found in the axoplasm. There was also a marked flattening of the semi-log. plot of counts/min against time (cf. lower curve in Fig. 3 ), suggesting that the 42K had not entered into a single homogeneous compartment. A similar flattening would, no doubt, have been observed in the experiment of Fig. 2 had counting been continued for a longer period.
RESULTS

Determination of K influx by counting intact axons
The difficulty can be explained by supposing that the fibre behaves as two compartments in parallel, and that in the experiment of Fig. 2 only about half the 42K taken up was actually in the axoplasm, the rest being located in a more superficial part of the fibre, whose exchange-rate constant was much larger than that for the true interior of the axon. Two pieces of evidence support this suggestion. The first is that, as will be seen below, the rate constant for exchange of 42K introduced into squid axons by microinjection is indeed much less than 0-288 hr-1. The second is that the radioactivity of the axoplasm extruded at the end of the experiment was appreciably less than that calculated for an equivalent volume of the whole axon. From the figures given in the legend to Fig. 2 it turns out that the axoplasm only contributed 1090 counts/min to the extrapolated counting rate of 1370 counts/min at the time of extrusion. Taking the true rate constant for exchange of 42K in the axoplasm as 0-019 hr-1 (see Table 1 ), the contribution of the axoplasm at the beginning of the counting period was probably about 1125 counts/min out of a total 2200 counts/min. Radioactivity was initially lost at a rate of about 200 counts/min in 20 min, whence the rate constant for the 1075 counts/min of the superficial fraction was of the order of 0 54 hr-1. In the period of just over an hour spent in 42K sea water, the specific activity of the superficial fraction would therefore have risen to about 44 % of its equilibrium value, and it can be calculated that the total quantity of superficial K was apparently 5.7 x 10-mole/cm. At a concentration of 400 mm, this amount of K would be contained in a layer roughly 5 p thick round the outside of an 800 p axon. Figure 3 shows the results of another experiment in which the 'flow method' of Hodgkin & Keynes (1955a) was used to obtain information about the gradual decrease with time of the rate constant for loss of 42K from an intact axon which had been soaked in radioactive sea water for 90 min. On persevering with the washing away of 42K for 4 hr, the rate constant fell to about 0-026 hr-1, and had thus approached close to the average value of 0-019 hr-1 found in the micro-injection experiments. In this experiment the apparent size of the superficial fraction was somewhat smaller than before. From a count of axoplasm extruded at the end of 180 the washing-out period, the total radioactivity of the 16-5 mm of axon from which 42K was collected could be estimated at each stage of the experiment, and the approximate initial uptake of 42K could then be obtained by extrapolation. It was found that at zero time the axoplasm contributed about 2800 counts/min and the superficial fraction about 1100 counts/min. The exchange rate constant for the superficial fraction was 1-25 hr-1, so that during the uptake period its specific activity would have reached about 85 % of the equilibrium value. Hence the quantity of K in the superficial fraction was estimated as 0-94 x 1o-8 mole/cm axon, corresponding on the same basis as before to a layer about 08 ,u thick. Fig. 3 . 0 = the rate constant for loss of radioactivity in inactive sea water from an axon 927 u in diameter which had been exposed to 42K for 90 min. * = the total radioactivity in the 16.5 mm length of axon from which 42K was collected. Temperature 110 C. For uptake, 1 count/min was equivalent to 11-9 pmole of labelled K. After the last collecting period, 11-7 mg of axoplasm was extruded from the central part of the axon; this gave a counting rate of 218 counts/min. mg and its K content was 369 m-mole/kg. Zero time corresponded to the moment of removal from 42K. The axon was capable of giving a large spike from end to end throughout the experiment.
In arriving at this figure several simplifying assumptions have been made, and it could well be wrong by a factor of at least two. However, it is important to know the order of size of the superficial fraction, in order to decide whereabouts it might be located.
Because of the existence of this superficial fraction of K, determinations of the K influx by counting intact squid axons are apt to be erroneously P. C. CALDWELL AND R. D. KEYNES high, the error being greatest when the period of exposure to 42K is short compared with the exchange-time constant for the superficial fraction. The average K influx into cleaned squid axons, measured by counting extruded axoplasm, was 163 + 2*2 pmole/cn2.sec (S.E. of mean for 5 axons; diameters 766-927 ,u; temperature 11-18°C); in these experiments the axons were washed in inactive sea water for 1-5 hr after exposure to 42K, and small corrections were made to allow for the resulting loss of radioactivity from the axoplasm, using a rate constant of 0-019 hr-1. Using uncleaned axons and extruding axoplasm immediately after exposing to 42K, Caldwell et al. (1960a, b) found influxes of 19+2 and 24+ 3 pmole/cm2. sec. In contrast, the total influx into 4 axons which were counted intact after spending 5-10 min in 42K sea water, was 33*6 + 2*5 pmole/cm2.sec (diameters 680-1068 1; temperature 16-19°C).
Thus only about half the apparent influx into squid axons counted whole represents a genuine penetration of 42K into the axoplasm.
The efflux of 42K introduced by micro-injection
An important check on the conclusions of the preceding section was to label the K in the axoplasm by introducing a column of 42KC1 with a microsyringe, and then to measure the rate at which radioactivity emerged from the axon. The results of two experiments on the efflux of injected 42K in which the actions of CN and ATP were investigated have been reported by It will be seen from the table that the average rate constant for resting axons was 0-019 hr-'. All these measurements were made early in the experiments, when the internal [K] must have been close to about 370 m-mole/l. axoplasm. Using this value in each case, the average resting efflux of potassium was estimated as 38 pmole/cm2. sec. The net efflux from cleaned axons at rest was therefore about 22 pmole/cm2. sec, corresponding to a loss of some 4 mM-K/hr. Such a rate of loss of K, accompanied by a roughly equivalent gain of Na, is consistent with the results of a number of analyses of squid axoplasm made in the course of this work. Fig. 4 . The rate constant for loss of radioactivity from an 800 1L squid axon into which a 20 mm column of 1-0M-42KC1 was injected at zero time. Temperature 130 C. Total radioactivity injected was 45,000 counts/min. During the 11 min collecting period shown as a ifilled-in circle, the axon was stimulated for exactly 10 min at 50 impulses/sec. For further details see Table 1 , Expt. 16D 7.
collecting period was 47 sec from the mid-time of the 42K injection, and the ratio of the efflux during this period to the average effiux during the two succeeding periods was 0-53. On the basis discussed by Hodgkin & Keynes (1956) , the effective value of the diffusion constant for potassium, calculated as if the whole of the time lag in reaching a steady efflux arose from the slowness of diffusion through the axoplasm, was hence found to be 4.4 x l06 CM2/sec. Two other experiments yielded similar answers. The average apparent diffusion constant for radial movements of K+ was P. C. CALDWELL AND B. D. KEYNES therefore less than one third of the value for longitudinal movements of K+ in Sepia axons obtained by Hodgkin & Keynes (1953) . It was also somewhat less than the corresponding figure for radial movements of Na+ (6-5 x lo-6 cm2/sec), although in free solution K+ ions would be expected to diffuse 1-5 times as fast as Na+. However, it would be unwise to conclude that K+ ions are unable to move across the interior of the axon as fast as Na+, because the discrepancy may somehow arise from the presence of a barrier to free diffusion just outside the axon membrane (see Frankenhaeuser & Hodgkin, 1956) .
When the axons were stimulated at a frequency of 50/sec there was a marked increase in the efflux of potassium, the average value of the extra K efflux during electrical activity being 8-5 pmole/cm2. impulse. The measurements were made at a mean temperature of 140 C; the net loss of K found in Loligo pealii axons by Shanes (1954) was 2-9 at 24°C and 8*8 pmole/cm2 . impulse at 60 C, corresponding to an interpolated value of 5-5 pmole/cm2. impulse at 140 C. If in squid, as in Sepia (Keynes, 1951) , the total efflux of labelled K during an impulse is about 10 % greater than the net efflux, Shanes's figures suggest an extra K* efflux at 140 C of about 6 pmole/cm2 . impulse. This is close enough to the observed value for Loligo forbesi to provide some evidence that the potassium in the axoplasm is uniformly labelled when 42K is introduced by micro-injection.
Determination of labelled chlorideftuxe
The influx of Clions was determined by soaking pairs of uncleaned axons for 20 min in 36CI sea water, one axon resting and the other stimulated throughout at a frequency of 156/sec. Weighed quantities of axoplasm were then extruded from each axon on to nickel dishes, and their radioactivity was determined with an end-window counter. Table 2 shows that the average chloride influx in resting axons was 12-6 pmole/cm2. sec and that, comparing each stimulated axon with its resting control, the increase in influx caused by stimulation was 7-2 + 2 3 pmole/cm2. sec (for which P = 0.01). The extra entry of labelled chloride resulting from the passage of a single impulse was thus only 0-046 pmole/cm2. This value is more than ten times smaller than the certainly less reliable figure obtained by Keynes & Lewis (1951) as a by-product from their measurements of Na and K movements by activation analysis. However, it is not inconsistent with the calculations of Hodgkin & Huxley (1952 b) , which predicted a net Na+ entry of 4-33 and a net K+ loss of 4*26 pmole/cm2. impulse at 18.50 C, since the difference of 0*07 pmole/cm2.impulse could reasonably be attributed to an entry of Cl-. It is also of the right order to fit with the calculations of Keynes (1951) for the change in anion influx through a membrane whose permeability does not alter when the potential across it varies.
IONIC PERMEABILITY OF SQUID AXON
In order to measure the efflux of chloride, 20 mm columns of 10M-K 36C1 were injected into two axons, and the rates of loss of radioactivity were then determined as described under 'Methods'. Owing to the very long half-life of the isotope, the quantity injected gave under 400 counts/min and it was necessary to make the collecting periods rather long (1-2 hr) in order to obtain measurable counting rates. For the first axon, whose diameter was 698 p, the rate constants for loss of 36C1 during three successive collecting periods were 0-0125, 0-0139 and 0-0157 hr-1 (mean= 0-0140 hr-1). For the second axon (796 ,) the rate constants were 0-0120, 0*0095 and 0-0134 hr-1 (mean = 0-0116 hr-1). In calculating the absolute value of the chloride efflux some uncertainty arises because of the lack of [Cl] . If it were taken as 100 m-mole/l. axoplasm, from the analyses of Steinbach (1941) and Keynes & Lewis (1951) , allowing for an extra 20 mm added as K36C1, the average chloride efflux would be 6*6 pmole/cm2 . sec. However, this value for internal [Cl] is somewhat high to fit with a resting potential in the neighbourhood of 60 mV, and the true figure is possibly only about 50 mM, making the calculated chloride efflux just over 3 pmole/cm2. sec. Shanes & Berman (1955) determined the resting fluxes of labelled sodium, potassium and chloride in axons from Loligo pealii, and arrived at the following values in pmole/cm2. sec: Na influx 63, efflux 33; K influx 42, efflux 370; Cl influx 14, efflux 87. They pointed out that their figures for sodium were consistent with those for Sepia (Keynes, 1951) , but they found it difficult to explain their large figures for the effluxes of potassium and chloride. They presented convincing evidence for the existence of a superficial 'X-phase' containing ions in different proportions to the external medium, and estimated that its potassium content corresponded 185 to a 16-4 ,u layer if [K] was taken as 17 mm. They did not, however, make any measurements with extruded axoplasm, nor did they attempt to label the intracellular ions by micro-injection. In the light of our experiments, in which extra evidence from both these techniques was available, it seems clear that most of the troublesome features of their results can be explained as arising from an underestimate of the size of the X-phase. If it had contained somewhat more potassium and chloride than they assumed, they would have obtained flux values which would agree reasonably well with those given here.
DISCUSSION
It is tempting to identify the superficial X-phase with the Schwann cells and connective tissue which surround giant axons. According to Geren & Schmitt (1954) the thickness of the Schwann cell layer in the axons of Loligo pealii is 02-10 ,u. In some unpublished electron micrographs made by Professor A. F. Huxley of permanganate-and osmic-fixed axons from Loligo forbesi the Schwann cell layer appears to be 1-5-2*5 ,u thick. The greater thickness in L. forbe8i may either reflect a species difference, or may arise from the greater size of the axons. On the assumption that the superficial phase had a potassium content similar to axoplasm, its thickness was estimated as 5 ,u in one experiment (p. 180), and as 0'8 ,u in another (p. 181) . Both estimates are subject to some uncertainty, but they are clearly of the right order for the identification to be plausible. An additional contribution to the superficial potassium is likely to be made by the cells responsible for laying down the 10-20 ,u layer of connective tissue outside the Schwann cells, which are shown in one of Geren & Schmitt's (1954) plates.
If this identification is correct, it is perhaps surprising that a fairly large number of experiments with 42K on Sepia axons (see Keynes, 1951; Hodgkin & Keynes, 1955a) should have given no hint of the existence of a superficial phase. Electron micrographs of 200 , Sepia axons made by Professor Huxley show a Schwann cell layer about 0*5 , thick, which might be expected to contain the same amount of potassium relative to that in the axoplasm as the 2-0 , layer surrounding an 800 ,u squid axon. In the Sepia experiments the presence of a superficial phase would only have been suspected if there had been (which there were not) marked discrepancies between influx and efflux, or if a consistent flattening of the semi-log. plots of radioactivity in the axon against time had been observed, and a re-examination of the experimental results has confirmed that any such flattening was not obvious. However, it does seem that there was a slight trend towards flattening, since out of 35 groups of counts (many of which comprised only three counts, so that individually they never deviated significantly from a straight line), 14 showed some concavity, 18 showed virtually no curvature at all, but only 3 were convex. This 186 IONIC PERMEABILITY OF SQUID AXON distribution does differ significantly (P = 0 02) from a perfectly exponential decline of the counting rate. It must therefore be admitted that the figures published for the potassium fluxes in unpoisoned Sepia axons with normal external [K] may all be slightly too high, though to exactly what extent it is impossible to say.
It may be asked whether neglect of a superficial phase could possibly have accounted for the deviations of the potassium flux ratio in Sepia axons from the 'independence' relationship which were described by Hodgkin & Keynes (1955 b) . There are at least two reasons for thinking this unlikely. The first is that the deviations in question were too large, and the second is that the flux ratio experiments were all done with DNP-poisoned axons. In each of three squid experiments (not described in the text) in which counts of the 42K in intact axons were taken first unpoisoned, and then after exposure to cyanide, there were indications that the amount of potassium in the superficial phase was substantially reduced by inhibition of metabolism. Thus in each case the flattening of the curve for loss of 42K was prominent at the start of the experiment, but became progressively less so, until in the last group of counts it had always disappeared. Hence the cells which contain the superficial potassium appear to be rather sensitive to metabolic inhibitors, and in the Sepia experiments they may well have lost their potassium before the measurements were begun, and so caused no errors in the results. This conclusion is supported by an examination of the data similar to that mentioned in the previous paragraph: out of 21 groups of counts of the 42K in DNP-treated Sepia axons, only 3 were concave, 12 showed no curvature, and 6 showed convexity.
It is interesting to consider the resting chloride flux values in relation to electrical data. In the first place, comparison of potassium efflux with chloride influx, using the constant field relation (Hodgkin & Katz, 1949;  see also Keynes, 1951) , leads to a value of 4*5 for the ratio of PK to Pcl; a similar calculation for chloride efflux and potassium influx (using the value for CN-treated cleaned axons given by Caldwell et al. 1960a , in order to avoid errors from the active component of K influx) gives a ratio of 6-5. These ratios are somewhat greater than the approximate figure of 2*2 assumed by Hodgkin & Katz (1949) , and serve to emphasize the contrast between the chloride permeability of squid axons, which is confirmed to be less than their potassium permeability, and that of frog muscle, where PC1 has recently been shown (Hodgkin & Horowicz, 1959) to be about twice as great as PK under normal conditions. Secondly, the chloride flux can be compared with Hodgkin & Huxley's (1952 a) estimate of 0-26 m-mho/cm2 for the 'leak' conductance (i.e. the conductance attributed to current carried by ions other than Na+ and K+) of the squid axon membrane. Using the flux-conductance relationship derived by 187 P. C. CALDWELL AND R. D. KEYNES Hodgkin (1951) this conductance would correspond to an ionic flux of 67 pmole/cm2. sec, that is, to a flux over five times as great as the observed chloride influx. It would therefore seem either that it is wrong to suppose that the whole of the leak conductance is due to the passage of C1ions through the membrane, or that the chloride fluxes are not 'independent' in the sense required for the simple flux-conductance relationship to be valid (see Hodgkin & Keynes, 1955b) . A similar but slightly smaller discrepancy between chloride flux and chloride conductance has recently been reported for frog muscle (R. H. Adrian, in preparation).
The smallness of the value obtained for the extra influx of chloride during a nerve impulse raises a problem in connexion with Hill's (1950) observations on the volume changes in stimulated axons. In order to account for the swelling that he found, Hill suggested that some of the sodium which moves into a nerve fibre during electrical activity is accompanied by chloride and water, the inward transfer of chloride necessary to fit his results being 1 7 pmole/cm2 . impulse. As the measured entry now turns out to be much smaller than this, some other explanation for the volume change has to be sought, perhaps in terms of a splitting of intracellular molecules during the permeability changes and a consequent inward attraction of water. SUMMARY 1. Experiments in which cleaned squid fibres were exposed to 42K sea water for a short period and then counted in a stream of inactive sea water showed that much of the radioactivity taken up by the fibre was located in a superficial region. The potassium in this region was exchanged with a time constant of the order of an hour, and its total quantity was estimated as 1-6 x 10-8 mole/cm axon. It is tentatively identified with the Schwann cells surrounding the axon.
2. The time constant for loss of 42K introduced into the interior of the axon by micro-injection was about 50 hr. The potassium efflux was increased about 12 times by stimulation at 50 impulses/sec. 3. The average potassium influx into cleaned axons at rest, measured by counting axoplasm, was 16 pmole/cm2. sec. 4. The average influx of labelled chloride was 12-6 pmole/cm2. sec when the axons were resting. The extra entry of chloride caused by stimulation was only 0-046 pmole/cm2. impulse. 5. The time constant for loss of 36C1 introduced into the interior of the axon by micro-injection was about 80 hr.
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